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主論文要旨 
Over the past few years, the power sector has entered a period of significant change. 
This change has been marked by increased attention to environmental sustainability, 
energy security and economic competitiveness. On the other side, hundreds of 
thousands of remote communities still do not have access to the electricity supply. Most 
of them are located on poor and developing countries. At this situation, delivering 
electrical power from the grid to remote rural areas is not a viable option. Therefore, 
autonomous power supply system is considered as a feasible solution.  
 
In a centralized power system, the size of one power plant is quite small compared with 
the entire power system. Therefore, if such a single power plant is disconnected from 
the grid or power imbalance occurs, the impact is relatively small with respect to the 
total size of the power system. Moreover, the change rate of the frequency is low because 
of the high inertia. On the other hand, an autonomous power system has typically low 
system inertia. Consequently, the autonomous power systems are more sensitive to any 
power imbalances because stored energy available to adjust power imbalances are 
limited. Different from large power systems, autonomous power system's components, 
such as generators, tend to be large in comparison with the total size of the power 
systems. During off-load peak time, a single generator may contribute a large 
proportion of the total power generated. Hence, a large power imbalance can cause a 
large frequency and voltage variation. From these situations, frequency and voltage 
control design could be challenging tasks. 
 
In this thesis, we assume that the autonomous power supply system is composed of two 
main energy sources, i.e.: a diesel generator and a variable speed wind turbine driving a 
permanent magnet synchronous generator (VSWT-PMSG). The VSWT-PMSG is 
considered as a promising wind turbine system due to its ability to extract maximum 
power from intermittent wind resources. The PMSG can run at low wind speeds so that 
a gearbox is no longer needed. However, as the wind speeds and load conditions vary 
rapidly, it can lead to poor performance of the frequency and voltage. A control strategy 
is needed with a focus on the management of power flows in order to obtain precise 
regulation of frequency and voltage in the face of the varying wind power input and load 
conditions. To provide fast power compensation, battery energy storage (BES) is used. 
BES can improve the reliability of the isolated power system especially during peak 
load times. Moreover, BES may also provide a way to operate the diesel generator in a 
more efficient manner. There have been many researches discussing methods to 
regulate frequency and voltage of an autonomous power system. Most of them uses 
energy storage controlled trough a grid-supporting inverter which is mostly operated by 
linear controllers. These methods are, however, designed based on a rather precise 
mathematical description of the process model and the performance requirements. In 
power system applications where the parameters are a function of the operating point 
and the loading is never constant, there are possibilities that the system will perform a 
strongly non-linear behavior and may not probably sufficiently be analyzed in 
comparison with the conditions where the process is coped with well-defined operating 
points. Hence, the flexibility of controllers' design becomes important issue and fuzzy 
method could be an answer for this problem.  
 
The aim of this thesis is to develop non-linear controllers so called PID-type fuzzy 
controller (PIDfc) and parameter adaptive PIDfc (PAPIDfc) to control a grid-connected 
inverter of battery storage. These schemes are intended to regulate the frequency and 
voltage of the autonomous power supply system mentioned above. Insufficient 
researches have been conducted in this area. The proposed controller should satisfy 
three main criteria: First, the frequency and voltage error of the microgrid bus should 
be within standard level. Second, the controller should accommodate the safety issues of 
the battery, such as over-charge/over-discharge issues. Third, compared with 
conventional linear controller, the non-linear controllers should exhibit improved 
performance.  
 
The PIDfc defines the relationship between input information and output action and is 
realized by simply connects the PD type and the PI type fuzzy controller together in 
parallel. This type of fuzzy controller method behaves like a time-varying PID controller. 
The PIDfc is constructed from a set of control rules that adopts the droop method and 
uses only locally measurable frequency and voltage signals. The power to be delivered is 
based on the frequency and voltage error information. The output control signals are 
determined from the knowledge base and the fuzzy inference. To improve the 
performance of the PIDfc, the input-derivative gain and the output-integral gain of the 
PIDfc are tuned on-line, called a parameter adaptive PID-type fuzzy controller 
(PAPIDfc). 
 
When flooded deep-cycle lead-acid battery is used, safe battery operation should be 
included in the design of the controller. The battery should not be overcharged or 
over-discharged because it may shorten the battery life or even damage the battery. To 
cope with this limitation, this thesis proposes a protection strategy, called intelligent 
battery protection (IBP) that uses two hysteresis relays and additional digital logic 
gates. The SOC is used as the primary input signal. The diesel generator power is also 
used as input to protect the diesel generator from overload condition.  The output of 
the protection scheme acts as an intelligent protection signal that is sent to the 
proposed controllers as an additional input. 
 
Several simulation experiments are performed by using Matlab. Next, to verify the 
scheme’s effectiveness, the simulation results are compared with the results of the 
linear controllers through some performance indices. The results demonstrate the 
effectiveness of the PIDfc and PAPIDfc schemes to control a grid-supporting inverter of 
battery in the reduction of frequency and voltage fluctuations and can be used as an 
alternative method. 
